Summary. A technique is described for collection of the epididymal contents from the cauda epididymidis of anaesthetized rabbits. The technique avoids undue contamination of the epididymal contents with blood or tissue fluid and overcomes the difficulty of post-mortem change.
INTRODUCTION
The composition of the fluid or 'plasma' that suspends spermatozoa as they are transported through the epididymis has been investigated on numerous occasions (Scott, Wales, Wallace & White, 1963; Crabo & Gustafsson, 1964; Mann, 1964; Crabo, 1965; , but progress in this field has been hampered largely by the difficulties of collecting sufficient quantities of the plasma for analysis. Mostly, slaughterhouse material has been used and the luminal contents have been collected by direct puncture of the epididymal tubules (see Crabo, 1965 ). This method is open to considerable error as a result of contamination with blood or tissue fluid, and the collection procedure itself may take several hours. The precautions taken by various workers to overcome these problems have varied considerably and this probably accounts for many discrepancies that are reported in the literature.
In addition, the separation of spermatozoa from the plasma is a problem which has not been investigated adequately. It has often been stressed that procedures that injure spermatozoa, such as high-speed centrifugation or cold shock, cause leakage of their intracellular proteins and coenzymes into the supernatant plasma (Mann & Lutwak-Mann, 1955; Mann, 1964 ; Graham & Pace, 1967 ; Pace & Graham, 1970 Conchie, Findlay & Levvy (1959) , using the corresponding /»-nitrophenylglycoside as substrate (Sigma). Osmotic pressure was determined as freezingpoint depression (Tuft & Böving, 1970) and pH was estimated by pipetting l-µ aliquots of plasma directly onto Universal pH paper (Microessentials Laboratories, New York). The colour was compared to that developed by buffers in the appropriate pH range and treated in a similar fashion.
RESULTS
The results of Exp. 1 (Table 1) show that increasing the force of centrifugation from 4000 g to 12,000 g gives rise to a decrease in the spermatocrit from 40-9% to less than 20-0% (difference highly significant, P<0-001). At the same time there was an increase in the incidence of stained spermatozoa in the sperm pellet; the difference between values after centrifugation at 4000 g and 12,000 g was not significant ( <0·05), but both values were significantly different from spermatozoa which had been subjected to cold shock and centrifuged at 12,000 g ( <0·001). There was a positive correlation between the incidence of stained sperma¬ tozoa and the levels of GOT (r = 0-98, P<0-01) and LDH (r = 0-99, P<0-01) in the supernatant plasma. The difference in GOT activity between 4000 g and 12,000 g was not significant (P>0-05) but the difference for LDH activity was significant ( <0·01). Cold shock and centrifugation at 12,000 g resulted in very high levels of GOT and LDH appearing in the plasma and these were significantly different from all other treatment groups (P< 0-001). The levels of sodium, potassium, acid phosphatase, alkaline phosphatase, and /?-JV-acetylglucosaminidase in the plasma were not, however, significantly different between treatment groups ( >0·05), nor were they correlated to the incidence of stained spermatozoa in the spermatocrit.
Increasing the time of centrifugation at 12,000 g from 5 min to 10 or 20 min (Table 2) did not cause a significant decrease in the spermatocrit (P>0-05) although it caused a significant increase in the percentage of stained sperma¬ tozoa in the sperm pellet. The difference in the percentage of stained sperma¬ tozoa between 5 min and 10 min was just significant (P<0-05) but between 5 min and 20 min, it was highly significant (P<0-001). The levels of LDH in the plasma were significantly different between 5 min and 20 min ( <0·01) but were not significantly different between 5 min and 10 min ( >0·05).
The composition of epididymal plasma from the cauda epididymidis of normal intact animals is shown in Table 3 . Here, the epididymal contents were centrifuged at 12,000 g for 5 min. entirely, but it is unlikely to account for a decrease in the spermatocrit of over 50% between 4000 g and 12,000 g.
Before any component of the epididymal plasma can be said to be truly extracellular, it is necessary to check for its release from spermatozoa either by prolonged centrifugation at high speed or after cold shock. On these grounds, it can be said that LDH and GOT originate in the spermatozoa, whilst sodium, potassium, acid phosphatase, alkaline phosphatase, and ¿8-jV"-acetylglucosaminidase are truly extracellular. This finding is in agreement with the earlier observations of Graham & Pace (1967) on ejaculated bull semen, although these workers also found some evidence for the release of acid phosphatase as did Nath & Patt (1970) and Murdoch & White (1968) using ram spermatozoa that had been subjected to cold shock. In the present work, however, an increase in the activity of acid phosphatase was not detected, irrespective of the amount of damage to the spermatozoa, so it would appear that the amount of acid phosphatase released from the spermatozoa was insufficient to affect the total activity in the plasma.
The 1:1 ratio of sodium to potassium reported here in plasma taken from the cauda epididymidis of rabbits is in agreement with the results of previous workers using rams (Scott, Wales, Wallace & White, 1963; Jones, 1973) , bulls (Crabo & Gustafsson, 1964; and boars (Mann, 1964 ; Crabo, 1965) . The rat and hamster appear to be exceptions since the ratios are 1:2-67 and 1:1-58, respectively (Levine & Marsh, 1971 ; Jones, 1973) . The relatively high concentration of magnesium found in the epididymal plasma suggests that the epididymis may be an important source of this cation in the ejaculate, since rabbit semen also has high levels of magnesium (Quinn, White & Wirrick, 1965) . The concentration of chloride ions by contrast, is similar to that reported by Crabo (1965) for bulls and boars and by Levine & Marsh (1971) for the rat.
The hypertonicity of epididymal plasma (0-58°C as against 0-57°C for blood plasma) is in agreement with that reported by Salisbury & Cragle (1956) , Scott, Wales, Wallace & White (1963) and Levine & Marsh (1971) , but the pH is much lower than that found by Bishop & Mathews (1952) for the luminal contents of the ductus deferens of the rabbit. Bishop & Mathews (1952) and White & Wales (1961) (1966) and Levine & Marsh (1971) consider the pH of plasma from the cauda epididymidis of the bull and rat to be acidic. This may reflect species differences but a satisfactory answer to these discrepancies is still outstanding.
The presence of high levels of glycosidases and phosphatases in the epididy¬ mal plasma is in agreement with the earlier observations of Conchie & Mann (1957) and Murdoch & White (1968) on boars, stallions and rams. Conchie, Findlay & Levvy (1959) also reported the levels of a-mannosidase and ß-Macetylglucosaminidase in the epididymis of the rat to be higher than in any other mammalian tissue. Histochemical studies have shown that these enzymes are present in the epididymal cells lining the duct (Risley, 1963; Martan, 1969; Moniem, 1972) and it is possible that they are actively secreted into the lumen. However, morphological evidence for active secretion is still equivocal (Nicander, 1970; Moniem, 1972) and the origin of these enzymes is by no means clear. The only substance which is generally regarded as a specific secretory product of the epididymis is GPC (Dawson, Mann & White, 1957; Dawson & Rowlands, 1959; Scott, Wales, Wallace & White, 1963; . In the present study, the concentration of GPC in the epididymal plasma is approximately three times that reported in ejaculated rabbit semen (Mann, 1964) , but it is considerably lower than in the epididymal plasma of the ram (Scott, Wales, Wallace & White, 1963; Jones, 1973) bull or boar (Mann, 1964; Crabo, 1965) .
Thus, the milieu of spermatozoa in the cauda epididymidis is a highly special¬ ized one and its significance in relation to sperm survival awaits further in¬ vestigation.
